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(57)Abstract: 

PURPOSE: To provide a quadrature frequency division multiplexing system(OFDM) 
which is adaptive to QAM. 

CONSTITUTION: For modulation, a modulation device for OFDM which performs 
discrete inverse Fourier transformation as for plural points is provided with a 
reference code sending-out device 54 which inserts a reference signal, e.g. data in 
a pseudo-random series periodically into between normal data to be sent, and the 
reference signal is inserted into the normal signal to be sent and they are 
modulated and sent out. For demodulation, a demodulation device for OFDM which 
performs discrete Fourier transformation as to plural points is provided with a 
reference signal detection device which detects the reference signal, a device 
which calculates a phase error and an amplitude error by using the detected 
reference signal, and a device which corrects a received transmitted signal by 
referring to the phase error and amplitude error. 
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<±t££B 111 -h 




0000 




<Yf<u/5 J2^-J3iry41 
o[o V c J 


0001 




cvf /ini2 /> - j5jt/81 


0010 


5R[3\/2^e Jir/ *J j 


Vflov^ e J 


0011 


R[Vl0A*e"" JO,r/o J 


Of /in j2^-j3x/«l 


0100 


$t[y/lQA*e '" r '°J 




0101 






0110 




cvr /i"n j2^— ;*78l 


0111 


cv*r /A. j 5 "ijr/4l 

5ft[v2A^e W *J 


of /o 42„— ;*"/4l 


1000 




\J[OV^ € * ' J 


1001 




of /in j5jt/8i 


1010 


5R[3v2-A e +J ' ] 


OrQ /O a2^+Jx/4\ 


i ni 1 




Slv^l^e-^*] 


1100 




O[Vl0/t 2 e+> 7ir ' B ] 


1101 


5?[V2>l 2 c + ^ /4 ] 




| 1110 






1111 


»[v^2i4 2 e + ^/ 4 ] 





16QAM ^^SOtlftf-^V 



[00 3 1] #flSfll#«^«5 4J*N/K-r > H**ii»7 
-yx^5 5 ICN^-r >- h <£>#{${§-§- {P 0 , Pi, P 
2, • • • PN-1 ) Sri»W&i-5o #I«fJ84«5 4-e« 
£$■£3 #««-!§- (Pi } {c-o^Tt&UJ-f 3„ #flg«# 

{Pi } f±atH9>'^i».^J©-IBJ*«* s Fffi-hfc*9 

Hi -cfc 5. r.r.-e#j$fH-5§- {Pi } ©>i?;fe0ijt 

Lt, «05^A^J : x20+ x 3 + 2 cD-gBSr, 0 
3 fc^-TJ: 5 Jc, QP SK©l#^lrat) STfct><Oi: 



tit, *4©i5i^i5 0 *4fi4 hA^Jt-*|-t 

r. tt b comz^mm 5 4 r oMtciais 

cD2o©#BS-ff-§-^dfefflROMSr#L, HufE#fi?.fs#<Sr 
t^-T-Vkd^T'^ ltU<. 

[0 0 3 2] 

[*4] 



J 


0 


1 


2 




N-l 


a: 20 + x 3 + 1 


00 


10 


10 




11 


#R3{§^ {R,} 


1 + J 


1-J 


1-J 




-1-J 



Mi®*?-*©***!* 



[0 0 3 3] ■?)\>=f-?\s9 J t-5 5 f± 1 6QAMSf« 
5 3*»b©W-§^t«-§- {Z k , 1 } t&mmtft±&5 4 
i>bo#i WnyH {Pi } t SrMUli;- 

tfirc>j;5(c, #bs (y^n;/ h) {Pi } ^mm&o 



#ys-t30 

[0 0 3 4] • • • , {Z-1,1} , {Pi } , 
{Zi,i } , {Z 2) l } , {Z 3 ,i } , {Pi } , {Z 
5,1 J - {Z6.1 1 . {Z 7 ,l } . {Pi 1 . 

{Z 9> 1 1 . • • • 

[0 0 3 5] fi-miat, r©J;5(c:, OFDMflgl 




SrteaH^ Ic^SEU 1 o<D->^*VW;:mffE 

<D&mm^-* tem&tekzfy*-* <D&M&&r^£X' 

[0 0 3 6] V hi»a7 - !; x|E«g 5 6 li, 

* {Z k , 1 ) Sfcfi#fl8{f# {Pi } StNtK^ 

kl (=Xk,l +J Y k ,l ) 1 ©if«7-!JxfM 
'{z k,m (xk.m + Jy k,m > » * U #HB«# (P 1 <- 
Ql + j Ri ) } <om$C&7- , J^&&& ir m (=q. 
m +j r m ) } tTZ. Vh«£ftig:7-y^f£ifc 

f—immto {x k> m } ^fcfi#fism-§-<ong8 {q m > 

-*<D&& {y k) m > *fcf±#RH«#OlftSB (r m } £ 
;v/7tP^«5 7, 5 8 fi^NJVeHNzK-f V h8§ 

/V/7to^»5 7, 5 8 et^rotftftttia 1 O 

m^tfmmzn, m&-tz> o f DMmm&x&m&ti 

x. 

[0 0 3 7] 04(i*^PJco||l£^Ji: LWOFDMfl 
3g©|g/&mT*;fc5o OFDM^PHfiS^lftfcm 1 iC* 
UfcOFDM«P«iJ5»©|HlK«fifefc/jeo-CI/^5. OF 
DMSIStt, 7tc ^/f-f ^^/UtaS6 O , 6 
1, m»M&y (DFT).@SS^t5N* 

6, /<7w^/vy7^«S6 7 < f^-^^a 

-7- 6 8*%1-Ze |I]4©OFDM«if2§te. 01 1 
LfcaPSKMttfc?), EI4^|21^b^^T^-D^ 

-^^^M6 0 , 6 1 ©Stf©|HlKffit^v 
9, milli^Lfc, S«7yft3 0, RFf^K 

^7^/^3 1, (mfem&ms) 32, rf 

|M» (Jl&Sc^&SS) 3 5, 3 6, «/2»*B«3 7, 
I P^«B%&4I3 8. P-^7-fH39, 4 Of* 

Hll l©lal*S«^i:lRlC-C-fc5o 
[003 8] 7tn^/f-fv'^;i'ft^6 0, 6 1 

tt. (01 KD7yrt3 0(;ffiat5) T'g 

{s^iv |io^yK^7-fW (Hi lro^K-"? 

7*7 4)v? 3 i ~P-/<x7-f/^ (mi 
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1©d-/^7-/^3 9, 4 0t:*BSt5) 

ttifttcfi, nrvy/f-i *S9**8*&* OY&XjjT-*- 
u?m^*?4i>**'m%r {~x k ,m J t-^&LTN/J? 
•Y V hf»«C7- y ^^^§1 6 2 © j|g|5A7}gfl 6 2a —ft 
T-ru?/7*4 ^/l^Sg6 lliA^JT-7-n 
4 V {~y k,m } I'tlLT, ^© 
tilTJ fc N tKW > h gftfc 7 - y 6 2 OdMHI ATjSS 

6 2bl:«t5„ N#4>-hffiM7-V^mmi%6 2 
ttllgBATJSS 6 2a ir^^ATjgB 62bt©2 5fci&©« 

**aafR!&#o 0 N/K-f v h«as:7-y3iaE«M»6 2fi 
KttSc^-y ^^m, »jfin:»±, Ht»^iiS7-y^^ 

' (DFT) SrfT 5 % |g«A*»d»6>Nfl, * 

SBA^SB^'bNffitD'r — * (~zk,0 . ~zk,l . ~z 
k, 2 - - - - ~ z k, N-l > <~ z k, m =~x k) m + J 
H k ,„) ) Srffl^T^Srtfi/\ {~Z k) i } Sr# 

s. aaa, (~ {z k , m } (omwcy-v^mm mmm 
a7-yi«j« (~z k> i } t-rs. 
[0039] #fls{t*4fcttt« 6 5 ttWRKa^- y ^ 

{~Z k ,l } 01OOFDM*«»»*»e>jJfeUl 

$*Lfc#fiS{f-§- (Pi > -c*>*d»5i&»Sr*iJWrf- S. 

8tH«6 4[±mi fcS*LfcOFDM£WSfl|-e*>£>a»£ 
*^3£**fC*J 9 . #MfS-§-*W« 6 5 -C'^tU Lfc#HB 
«■§■ {Pi } Sr/Hi^-C, S«fS# {~Z k , l } tmfccD 

mmm% {pi } *)m.\.xm&mm&£xmMmm* 
{~z k ,i } (Pi) *»^5d»tt, #fi?.m-§- 

tftUJ«6 5©til7Jff-g-(Cj;oT#fe^5.- «iE^6 3 fi 

mm • tiLmmiEmmn® 6 4 ©^n^s, 9 , 

^m^6 2tt!73 {~Z k ,l } ©fi«J3«tt«ktBSr*ljE 

- U 1 6QAMt§-|g6 6— ft^i-^o 

[0 0 4 0] 1 6QAM«^6 6«MlE^6 3©ai73 

'flt* {Z k ,l (=X k( i +j Yk,l) } «2©J£I,S 
© if ©,^tC-#jlfiV ^^J»f b— #SV ^.^5rjlK L- 4 f s/ 
HW^'-^^ttlTjb, />"7^/vy7;^ftS6 7|C 
ft^-T-So ^7WV/->y7/vM6 7 (±1 6 QAM 
^-§-^16 6©ttl73©/^7 WW©4 h©f— ^Srv^y 

[0 04 1] Ei(±^fc«t5t-, OFDM«»§§f4, # 
[0 04 2] #fiB«^m^g 6 5 {iS^ ©»f§£ t 5 i 
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*. #ram-§-^m^6 5 on i ©jfeisey&ia 5 

70f4A*lffi^ 71(4MgMSfi, 72f4gggf?Sliigfi, 73 

ii^mm^m^mm, immfe^^AMa^- (l^ 
K«7-yai3eiftS6 2©a^# {~z k> i } #a* 

M-g^«71t£gffi^S«72{C#t|^$^ ?)o M 
ai£i£B71f4, Sgpi^^g72T-ff-§- {~Z k - M ,l > t 

{~z k) i } wsggtff^^-r^fc^ic {~z k> i } 

N-l ,2 

^ \Zk-Mi ~ Z ±i\ 
l-Q 

[004 5] mmfenmrnvw, 2 <DmM&um 3 <vmm 

.v-i 

H pi— .wj - 2Tw 

[0047] 3g.mmwmm<om 3 ©nj£W4^4 

JV — 1 

[004 9] Sgft?fSil3£fi72f4. «_h^M^ Lfc^-Ttb 

*g*Q k «r {~Z k - M ,i } £ {~Z k> i } <Dgg|itiSli 

[00 5 0] #M«-§-*li^:SS73{±, £ES£M3iEJte*Q k 
£¥iJ£w</vA7^74c^j;£i^/vi£it!i£U SEf«il 
££*Q k ^fJ^ i^A- ^^/v-A^74EAT-efetttf#fiB.m 

ftfcs^ t ^^-t-*j^«^-^ai^^75{c^-r5c 
[0051] #fism-§-^m^c7)^ 2 <DnmMSrm e 

•T. 80f4A7^^f\ 81f4M«3f=gB, 82f48gg|t**|SSI 
B, 83(4-7/1^7" 84f4Mfl!<£>^ 777^^!) B 

M# 0~BM#M- 1 ^^T-f-^^^e 1J 85(4itt£ 
86fi#B8«-&ffl:il'7*3-y» 87(4ffl^ffiT-T'fe5<, 
M«MSB81*5 4 If BE«Stfl[2g«82©ib^tt, HI 5 £r# 
HB LT^fcM31MSB71*3 4t/ggffiimSSfi72(Diti^ 

3. BE«*»«82©»|)[m^Qk *^^^'W'^*83K: 
«^-T5c ±BIP]«K «^*Q k £ (~Z 

k-M,l ) t {~Z k) i } cogg«t^*i-5 0 ^;u^yu 
^-^831CT, /V7r^ ; e!lil8 40^ 5 '7r/ 
^yH^iitf^Sra^-t-^o -7/^7°u-^f-83f4Tf2 

^y7r^ ; ey^S»«!)fx.5 0 
[0052] BM# 0-BM# 1 -BM# 2-BM# 3 

- BMlM- 2 -BM#M- 1 — BM# 0 — 

BM# 1 -BM# 2-BM# 3- • • • BM#M— 2 — 
BMjtM- 1 -BM| 0 -BM# 1 - • • • 

[0053] s<y y r * * y &WMtimmm$im2<Dm 

Jit*-* Qi S:E1t1-5»«T?*)5o fc£*.tf. /<y7 



[0 0 4 3] £gSI?g»^B72(4ffl-§- {~Z k - M ,l } iff 

■So 

[0 0 4 4] 
[*2] 

(2) 



[004 6] 
[*3] 

(3) 

[0 0 4 8] 
[*4] 

(4) 



T**V BM#ntwfiK(*»»fe*Qi ( fcfcbitti 
= nmod (M-l) ?rlSt5ltt*fe5) 

J£ig^85»4/< y7 7 ^t!) S*84^e>ic*fc $ 

£ tvT & 5 7 s — j> <D T** t> /h $ 1/^- * rffem L T 
5'*s/ 77^*!) BMCff, *fcf4, /V77^tD 
SS84^lo©^^ey-el»^StuT^5i:#»4-e©7' K 
u-^##^#BafB-§-feB^'3-y86ic^-f-5o #H8{f 

S-§-^/cf±^s/7r^ ; ey^S84WT K^#f|:jSD 

73-T5 0 fci^{4*^s/7r ^^y BM# ntC^LTV^ 
S^'-^^^/jsX'fctutf, {~Zi,i } ( fcfcLUii 
s n mod (M-l) 5rrHSi-5SfcT'fe5) ^i^^' 

m^^87(c#t|^i-5„ 

[0 0 5 4] #fi8fB-S-«ltti»©» 3 (DHJgfyjSrlll 7 
-To 90f4A73ffi^, 9U4Mil5£^» > 92(4SggtS^8 
93(4#fiS«-§"*J^, 94f4#BSf=-§-e:a^>'3- 
^, 95(4J:be?^, 96f4^y7r^ j ey > 97(4#Mff-§"te 
g^a-y, 98(4^j®^l/v?^^, 99f4tilA*^-T'fe 
5o A^3iffiT-90(Cf4g{IS5:7-y xf« 6 2(Dffi^«-§- 

{~Z k> i } tfAAZfr. Mjg®SB9lirSEgt?a^SS 

»f^f±, 0 5 Sr#flg LTxl-<fc:Ma®iSB7l*i it^SEfi 
«»8«72©i&f^i:|S]C-e*>5. MgffigB91-C*«-g- 

{~z k ,i} *Mtcvmmzit. tmm»mm92v {- 

Z k -M, 1 } t (~Z k> i } OEgKS-aiSrtTtV ^WSggt 




- * q i tf#mm +wmmas 4 o -ciw»«-9-« ^ we 

Qi co-77^ j/^^ i SrM- 1 T*#J o fcfij$& 
Srm^-r-5t>WT'fc5„ Jt^95tt#flBfa-§-{£«^V3 
— *"94<0tti;ft-7— * t y< y 7 7 * * y 96{c*&iW$tbTV 

Kfci^j £^5^-*£#li®l£^^98K#l:;iSi- 
5o ^5-7r^*y 96{i#fiS.ff >=> — y*94<Dtii 

ttttflBSgt l- v 5 ^ *98©IWfflHB-§-K: 4 o 

S#ii^cofffl»{f^£eifiU Sij*MiT?^y7r 

m-§-tttt7 f = — ^97f±^ 5*77^^!) 967^07='— * n §r 
Sc^ttiU {~Zk,l ) (fcfcbk t4k s n mod 
(M-l) Sr«S-f 5SfC&5) >i3T-?©tfl; 

[00 5 5] #J$«-§-^ffi3§<D®4<oH;!fc#J&EI 9 iC^: 

-To 100 f±A7J«^ 101 (4M»M^», 102 ttlEMtft 

103 tt-^/^^u^-y-, 104 \wm<owA\^it. 

/^77^P BM# 0~BM#M- 1 *>f,*5^y7 

7 * * y gfi$ fc»4 l -&<o/< y 7 r ^ * y x-lf gcco^ s> 
7 r ^ * y 0?gco «t 5 (c»jf^$-&-5^ 1 <Os< y 7 r * * 

y^B. 105 tt*l(0Jfc«#» 106 ttlg 2 ©Jt««, 10 

7 I±g2©/^77^ ; eygf> 108 fi#fl8fi-§-teg7* 
3-^, i09(4;|KfSjg#u> J ;*y\ no f±m*«B^-c*> 
5o A*«moo (cf±g|S5:7-y 3i^^gg2wm77 {~ 
Zk,l J a 5 A7J£*U M«®^S101 tffifl^SBlO 
2 (cttM$tb5o MiiM^aioi *JctD!gE|iSiS3¥SSio 

2 (Difrfm, HI 5 ^raLT^fcMiiJS^BTUoiU 5 
E«»*§6«72©ttf^i:ISIC-e*)5. M315S^«101 T? 
fS# {~Z k ,l ) &M*:t7i§ffi£-e\ gg8tifcg|g»l02 
"P {~Zk-M, 1 ) t {~Zk, l } ©K(tW-3liS:fTV\ * 
©^***8*Qic Sr-7^7°U-^-y-103 ic0y§-t-5 o 

-7/1^7° U71H03 , ^>y7r/^-yg«104 jS«t^ 
lcOlfc§fc3gl05 (4, E16Sr#fl?. L-CxE-^fc-^/V^T"^^ 
■y-83, /<y77^!) 2£«84J3 J; tflt$&3§85 £ IIHSIJcKi 
IPtZ. ot9, ^/W^U^i7-103 »4[£]6£#fiB.LT 
iE^fctlR)^ s< y 7 7 * I) '£Ml04 rt©/<y77> 
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^■y BM$rWJfW»-«)«3^^5o '< y 7 7 * V mW.10 
4 f4M<@<0/<y7 7^y ^£9, 8£ffif&g3£Bl02 
m^x-^SrlBti-t-So *l©Jt««105 »4^y77> 

^eyio4 ssa*»e>M««)7*— ^sr«5*mu» ft/j^-* 
fi i ^77^u mmx-mfc Lr^5*-a-i4^© 

^^77^^!) COT Ku^#-g-nSr^2 WJt^l§106 h 

m 2 cd/^ s/ y 7 * * y ^gio7 ^^-rso m2©jtis 

^gl06 »4HS 2 ©/< y 7 7 ^» * y S«107 Ktetfj £ *UT <^ 
5f f -^SrHE*mu » 1 Wltg5l§105 (D&Jit*-? h 

7 : '-^Sr^ffia^t'v 5 ^^109 UttJ&i-S. |2C^7 
. 7 7 ^ y SB107 «^ i coitl^|gl05 wtHTJ^-^S: 
' »iWUTi^5>*y81t-C*>l>, 4Kf§j»&vv?;**i09 
*»e>©W»«-S-K:J:o-clBi©ifc«»i05 cdHJt^t^— ^ 
Sr»#ii^, s<y7 7**Vmmi07 LT^5t\ 
— ^SrJB2©ittt*l07 (c|g^m$^5^fc*>t?^U 
Tt>5„ ^S®^^^^^109 {4, g|7£#fiBLT3$'< 
fc^a^W-v J ^^98i:IS]m, Jt«E«106 cDtHTJT 1 '-^ 
(Clio THl 8 co 4 5l-^Sr»^$*5 I/i>^^T-fe 
•9, H*t*H-C-'<y7r/*y 107 K:»#ii*©#J»(t* 
*-gjSLJtSSE«105 OttlTjf- ^5r/<y77^*y 107 

Sij«ttB-e^y77^*yio7 tcgg^tbu 

©(WW«*SrfiSbtt;tS!«i06 fc|B*7*- 
-So #KfS-§"teB-7 3 — ^108 (4. 0 7Sr#flSLT^ 
fc-r = — y97t ID«, 12(0^777^*!^ 107 ^b-r 
-y-n£B£^mU {~Z k , 1 J (fcfcb, k(4k = n 
mod (M-l) Sr»Je-t-5SE*-e*>5*57*— 

[0 0 5 6] JW±, *^gW<0»jg|llt^li LT, 1 6 Q 
AM-OFDM^ft§g:fc4U«l 6QAM-OFDM«l 
4i9^#:«3tCtt, 16QAM^fJb40tl6QAM 

(;|^UT(4, 1 6QAMff#ioJ;U!l 6QAMtf|C|i 

• Pfi^^HT, ±j6Lfc**wooFDMfcji-a-r5a* 

[0057] Sfc, EI 1 (C^ Ufc#Kff -§-$8£|g 5 4 (r 

PS^SHT, *^^coOFDMtc:3g-g-rsa*c0 7>-y' 

fj^yy' (ffA^-r?^) (4, ±i6Lfc0ii<O4 5 
M=4Kf4Pg3t£ivfeV\ ) rco#RP.ff-§-#A^-f $ 

$ 1/ ^5 , m 7 *J 4 150 9 £ b T ^ L fc#RB« ^ 
c ttl^{C* 3 Mt5-'<y7 7^^y cO^:»4#< 
[0 0 5 8] 

[3SS3C0#jJg:] *^0J^S^^T, OFDM(0#fQA 



(12) 
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QAM£tT5 0FDMtcot^T, SlgffiSSriSfeS ^ i: 
^-c*^-5C-t% O F DMIC^fiQ AM^SffltS - i *5 

[Hi] «iOOFDM(a5fti^fAiri>lt 

[1212] Ell ^LfcOFDM^ff^Sffli^SaiSl 
Tffii^fettS 1 6 QAMcomWM^iU^^irmxh 

[03] 01 iC^LfcOFDM^i^rtcDg^{g-§-3g£ 

[0 4] *^0JcoE^il!Sic^#J^a*S:{cJ;5^«P 

•5 O F DM«P^cOg)5^«^0T'foS. 
[0 5] 04iC^L/cOFDM«P^F*3CD#BB|f^tii 

i HJa0iJcDl«fi!<;0-efe5 o 

[0 6] 041C7FLfcOFDMmP^cO#^m-§-^tti 
2&<7) Jg 2 ^JgMcO«^0 -e fc 5 o 
[0 7] 04f^LfcOFDM«WJ«rt©#Ha«-i-|*W 



[08] 0 7ic^Ufc^ffiS^U'v ; x^(D^ffijl#0-e 

[0 9] 04{C^LfcOFDM«W«rt(O#M«^m 

[010] «-iftjS RiSSIttfliQ P S K^ff £*WtO F D 
M3EiHS©»riSM Sr^-T 0 t? $> 5 „ 

[0ii] #jKaat«sjiiMbQPSKSii/fcoFDMa 

5 0 • • fV-^^/vA*?- 

5 1 • • ->!I7/U/^7WV» 

5 2 • • 

5 3- -16 QAMlf^S 

5 4 • • #$Wf 

5 5 • • -TtV^-fV'W- 

5 6 • • n*v v hgt«® 7- y 

5 7, 5 8- • 7^ isffr/T-l-vy^Wm 

6 0, 61 • •7tP^/f^fv ! ^/^SS 
6 2 • • NJK-f v Mitt 7- y aigais 

6 3 • • ffijES 

6 4 • • «IE*^»^ 

6 5 • • #fflffft{il^ 

6 6 • • 1 6QAM«fS 

6 7 • • a* 7 Wl//->!)7;^K 

6 8 • • s^A'HWj*?- 



[01 ] 




&ISM§^ifcS*#Lfc OFDM IESa»OieiSCT 
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